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Abstract. The purpose of this work is to investigate the glow region using a Langmuir probe
for argon radio-frequency (13.56 MHz, RF) plasma in a device consisting of asymmetrical electrodes.
With this probe system a systematic experimental study of the EEDF has been carried out in
asymmetric capacitively coupled RF discharges in argon over a large range of power and chamber
pressure. Using the Langmuir probe we can calculate the plasma potential, the densities of ions, the
energy of electrons and we can deduce the elementary processes involved in the gas discharges.
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1. INTRODUCTION
Argon is a chemically unreactive gas; it is a common constituent of etching
plasmas and is widely used in sputtering applications[1]. Langmuir probe diagnostics
methods are useful for measuring plasma parameters in low-pressure gas discharges.
The characterisation of a dry etching plasma requires as a starting point the
determination of the EEDF (electron energy distribution function) [2, 3, 4]. This is
most completely determined by the use of Langmuir probes. EEDF in RF plasmas
are most difficult and challenging in probe diagnostics requiring incorporation of a
great deal of experience accumulated since Langmuir’s time and special attention
to many details in the design of the probe measurement system [5, 6, 7, 8, 9].

2. EXPERIMENTAL SET-UP
The system used was an asymmetrical (the powered electrode being much
smaller than the earthed anode which included the chamber walls) industrial OPT
Plasmalab 100 system with a Hidden Analytical RF-compensated Langmuir probe
inserted into the middle of the plasma, as shown in Fig. 1. The quartz plate shown
in the diagram was 12 mm thick and covered the cathode with the exception of a ring
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Fig. 1 – A schematic diagram of the asymmetrical
plasma device.

2

Fig. 2 – Probe equivalent circuit.

approximately 5 mm wide at the cathode’s edge. Both the cathode and the anode
are made of aluminium. The distance between the probe tip and the quartz plate
was 18.5 mm.
A single Langmuir probe (Hidden Analytical Electrostatic Plasma Probe) was
used to measure discharge parameters.The probe assembly comprises three parts:
the main body, the compensation electrode and the probe tip. The probe equivalent
circuit is shown in Fig. 2, where [6]:
C1 = the effective capacitance of the compensating electrode to the plasma;
C2 = DC blocking capacitor, usually >> C 1;
CT = the effective capacitance of the probe tip to the plasma;
L1 = inductor used to block the main frequency component;
CT1 = a parallel tuning capacitor including variable stray capacitance;
L2 = secondary inductor to provide some blocking for the first harmonic;
CT2 = a parallel tuning capacitor including variably the value of any stray
capacitance;
A very common problem in probe diagnostics is probe contamination. In RF
discharges this problem becomes even more severe due to the sputtering of the RF
electrode. Contamination of the probe tip with the low-conductivity layers
introduces additional resistance into the probe circuit that leads to severe distortion
at the peak in the measured second derivative of the probe characteristic [2]. This
distortion appears as a suppression, or even as an absence, of low-energy electrons
in the measured EEDF.
Another contamination problem is the extremely high sensitivity of the probe
work function to the condition of the probe surface, particularly the probe
temperature. The instability in the probe work function due to a change in the probe
current (and also in the probe temperature), or a change in the probe surface
conditions due to the continuous sputtering of the RF electrode, result in a
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distortion of the probe characteristic since under such conditions the probe sheath
voltage does not correspond to the applied probe voltage.
An effective remedy to the probe contamination is the continuous probe
cleaning (by ion bombardment or by excessive electron current heating).
3. RESULTS
3.1. THEORETICAL BACKGROUND AND DATA ANALYSIS
In this type of probe, the voltage at the tip is swept from –100 V to 100 V and
the current-voltage characteristic displayed graphically.
The software supplied with the probe can either automatically analyse the
data or allow more careful manual analysis.
If EEDF is Maxwellian, then a plot of logarithm of the probe current versus
the probe potential will yield a straight line for this part of the graph with the
gradient being e/kTe, where e is the magnitude of the electronic charge, Te is the
temperature of electrons and k is the Boltzmann constant. The automatic analysis
with the software finds the plasma potential by extrapolation of this part of the
graph with electron saturation part and finds the crossing point as shown in Fig. 3b.

Fig. 3 – Analysis of the Langmuir probe I–V characteristic, for argon, 60 mTorr, 20 W.

The plasma potential is not as well defined as the floating potential and other
methods of estimating its numerical value exist. One of them is to calculate
the second differential of the ion current with respect to the probe potential,
d2I/dV2 [3]:
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where [ f ( E )]E =− eVp = − 1 ⎜ e ⎟ d I2 is the velocity distribution, A is the
2 πeA ⎝ e ⎠ dVp
probe area, Vp is the plasma potential and me is the electronic mass.
As the energy distribution

f(E)dE = 4πc2 f(E)dc

(2)

and
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me c 2
2

then
2
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⎛ − meVp 2 ⎞ d 2 I
= − 42 ⎜
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Ae ⎝ 2e ⎠ dVp 2

Vp < 0.

(3)

The point in which this is equal to zero, or the maximum of this function can
be taken to be the plasma potential. We found the plasma potential at d2I/dV2 = 0
(Fig. 3c).
In Fig. 3d) we can easily distinguish the maximum of the first derivative
dI/dU and the plasma potential can be assumed to correspond to this maximum.
These methods can yield similar values for the plasma potential, though not
exclusively.
3.2. PLASMA CHARACTERISTICS
Fig. 4 shows the calculated values for the plasma potential for a pressure
between 50 mTorr and 90 mTorr and a power between 10 W and 90 W.
It is interesting to observe that the plasma potential is increasing when power
is increasing. At high pressure (more than 90 mTorr), the plasma potential is
increasing when pressure is decreasing, but at low pressure (less than 90 mTorr),
the plasma potential is increasing with pressure.
Fig. 5 shows the floating potential obtained from automatical analysis, as
function of the power and pressure, for argon. The floating potential is increased
when pressure is increased and when power is increased.
In the absence of the quartz plate, the capacitively coupled cathode attains a
D.C. bias which is dependent on the relative mobilities of the ions and electrons
and their relative abundances. In industry quartz is used because it does not
introduce contaminants to the chamber as other surfaces would. The quartz plate is
circular and of radius slightly smaller than the cathode such that it almost covers it all
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Fig. 4 – Plasma potential as function of power and chamber pressure.

Fig. 5 – Floating potential as function of power
and pressure.

Fig. 6 – D.C. bias.

but leaves an annular ring of several millimetres cathode exposed directly to the
plasma. The introduction of this slab of dielectric can be expected to have a
non-eligible effect on the potentials in the system due to this conductivity and
secondary electron emission function. If the quartz acted as a perfect insulator and
shielded the cathode completely, the large D.C. bias which is a result of the charge
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built up at the surface would not result in a D.C. bias at the backing plate
(because it is not possible to draw a net D.C. current trough the insulating target
plate) [10, 11].
Fig. 6 shows the variation of the DC bias when power is increased from 0 to
100 W and pressure from 50 mTorr to 90 mTorr. The D.C. bias increases when
power is increased and decreases when pressure is increased.
3.3. DISCUSSION
Fig. 7 shows the variation of ion densities when power is increased from 0 to
100 W and pressure from 50 mTorr to 90 mTorr.
In Fig. 8 we have the electron energy distribution automatically calculated for
argon, 100W. This figure illustrates the presence of two group of electrons, with
different energies. The density of the high-energy electrons is smaller than the
density of the low-electron energy; there are more electrons with low energies. The
electrons in the first group, with low energy, affect the local electron densities and
local plasma conductance. Being trapped in the ambipolar potential, the slow
electrons oscillate collisionlessly in the weak RF plasma field unable to gain
energy either from the RF field or from the oscillating RF sheaths which are
accessible only to fast electrons.

Fig. 7 – Calculated ion densities.

Fig. 8 – EEDF for argon 70 W.

The electrons in the second group, with high energy, play the main part in the
local excitation and the local ion production. They effectively interact with the
argon atoms in elastic and ionization collisions and compensate their energy losses
through stochastic heating on the oscillating plasma-sheath interfaces. Unlike low
energy electrons, the high energy electrons easily overcome the ambipolar potential
barrier and collide more frequently (than the slow electrons) with the axial plasma
boundaries.
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Fig. 8 demonstrates the evolution of the EEDF as the pressure is changed
from 50 mTorr to 80 mTorr, for the plasma potential shown in Fig. 4. At higher
pressure the energy of the second group of electrons (fast electrons) decreases
because there are more electron-ion collisions and they lose energy in these
collisions.
4. CONCLUSIONS

With this probe system a systematic experimental study of the EEDF has
been carried out in asymmetric capacitively coupled RF discharges in argon over a
large range of power and chamber pressure. Using a Langmuir probe we can
calculate the plasma potential, the densities of ions, the energy of electrons and we
can deduce what are the elementary processes involved in the gas discharges.
We have demonstrated the existence of two electron groups. The electrons in
the first group, with low energy, affect local electron densities and the local plasma
conductance. The electrons in the second group, with high energy, play the main
part in the local excitation and the local ion production. They effectively interact
with the argon atoms in elastic and ionisation collisions and compensate their
energy losses through stochastic heating on the oscillating plasma-sheath interfaces.
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